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Purpose: Determining the culprit allergen is important for the diagnosis and management of allergic diseases. The skin prick test (SPT) has been 
widely used to identify culprit allergens. Skin reactivity to allergens has changed due to changes in lifestyle and outdoor environments. Therefore, the 
aim of the present paper was to examine changes in allergen sensitization in Korea. Methods: We enrolled 1,135 patients with respiratory allergic 
diseases who were diagnosed at Severance Hospital from January 201 0 to December 201 1 . SPTs were performed with inhalant allergens, and were 
compared to our previous studies of the SPTs in the 1980s and the 1990s. Results: In the 2010s, the SPT positive rate of allergic rhinitis or allergic 
conjunctivitis was higher than asthma without allergic rhinitis or allergic conjunctivitis. The SPT positive rate was decreased by increments of age (P 
value <0.01). Skin reactivity to tree pollens was significantly increased to 36.4% in the 2010s from 19.0% in the 1990s and 8.8% in the 1980s. Among 
tree pollens, skin reactivity to oak (4.7%- > 14.4%), birch (7.1 %-> 13.6%), alder (6.3%->13.4%) and pine (2.9%->14.3%) was significantly increased 
in the 2010s compared with the 1990s, respectively. Current skin reactivity to grass pollens (13.9%) and weed pollens (27.0%) has significantly de- 
creased since the 1 990s (20.3%, 40.9%, respectively). Skin reactivity to house dust mites showed no difference between the 1 990s (55.2%) and the 
2010s (55.6%). Skin reactivity to dog (27.3%->20.7%) and cockroach (25.3%- > 12.3%) have significantly decreased in the 2010s in comparison with 
the 1 990s. Conclusions: In light of the above results, we revealed the changes in skin reactivity to inhalant allergens that have occurred in Korean al- 
lergic patients over the past three decades. Since outdoor environmental factors such as the amount of pollen, global warming and plant distribution 
causes the changes in skin reactivity, further study and continuous close observation will be needed. 
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INTRODUCTION 

Allergic diseases, such as bronchial asthma, allergic rhinitis, 
and allergic conjunctivitis, have received attention due to their 
globally increasing prevalence, including in Korea. 1 6 The recent 
rapid increase in prevalence is caused by lifestyle and cultural, 
economic, ecological and other factors. 7 10 The economic bur- 
den of allergic diseases is also considerable. 11 Therefore, early 
and accurate diagnosis is important for appropriate manage- 
ment of allergic diseases. 

Finding the culprit allergen is crucial for the diagnosis and 
management of allergic diseases. The skin prick test (SPT) for 
allergens has been widely used to determine sensitization to al- 
lergens. Sensitization to allergens is affected by many compli- 
cated factors, such as genetics, age, exposure time, exposure 
amount to allergens, and environmental factors. 12 14 Exposure 
opportunities to various allergens have been changing accord- 



ing to changes in environmental factors. Therefore, patterns of 
sensitization have been changing worldwide over time. 1215,16 

Researching changes in allergen sensitization is important to 
predicting changes in allergic diseases' prevalence and distri- 
bution. Understanding changes in allergen sensitization might 
be helpful to the diagnosis, management and prevention of al- 
lergic diseases. The present study collected and organized data 
from subjects diagnosed with allergic diseases in the early 
2010s and compared it with data from the 1980s and the 1990s 
to investigate changes in allergen sensitization in Korea. 

Correspondence to: Chein-Soo Hong, MD, PhD, Division of Allergy and 
Immunology, Department of Internal Medicine, Yonsei University College of 
Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-752, Korea. 
Tel: +82-1 1-233-2355; Fax: +82-2-393-6884; E-mail: cshong@yuhs.ac 
Received: July 1 6, 201 3; Revised: November 6, 201 3; 
Accepted: January 24, 2014 

•There are no financial or other issues that might lead to conflict of interest. 



434 http://e-aair.org 



Copyright The Korean Academy of Asthma, Allergy and Clinical Immunology • The Korean Academy of Pediatric Allergy and Respiratory Disease 



AAIR 

MATERIALS AND METHODS 
Participants 

The present study enrolled 1,135 patients with respiratory al- 
lergic diseases who were diagnosed at Severance Hospital from 
January 2010 to December 2011. The inclusion criteria for respi- 
ratory allergic disease were allergic rhinitis, allergic conjunctivi- 
tis, bronchial asthma, and chronic idiopathic urticaria with re- 
spiratory allergic diseases. Allergic rhinitis and allergic conjunc- 
tivitis were diagnosed by the clinicians based on symptoms, 
physical examination results, and rhinoscopic findings. Bron- 
chial asthma and COPD were diagnosed based on symptoms, 
physical examination {e.g., wheezing sound), and pulmonary 
function test results (increased 12% and 200 mL FEV1 after 
bronchodilator use, FEV1/FVC <0.7) according to the GINA 
guideline updated in 2010 and the GOLD guideline. Chronic 
urticaria was defined as transient hives and flares lasting over 6 
weeks. 

SPT 

SPTs with 55 inhalant allergens were performed, including 
negative control (0.9% saline) and positive control (1% hista- 
mine). The allergens were produced in different institutes (Al- 
lergopharma, Reinbek, Germany; Hollister-Stier, Spokane, USA; 
Bencard, London, England). The 53 inhalant allergens used 
SPTs are listed in Table 1. Extracts of gingko (Gingko biloba L.) 
and pharaoh ant (Monomorium pharaonis) were manufac- 
tured according to a protocol which designed by our lab (Insti- 
tute of Allergy, Yonsei University, Seoul, Korea) in previous 
studies. 17,18 The most inhalant allergens which were used in pre- 
vious studies in the 1980s and the 1990s were produced in Ben- 
card. But some inhalant allergens were produced in Torri com- 
pany which was no longer in existence. The results were read 
after 15 minutes. We defined the results according to the size of 
flare and the ratio of allergen wheal to histamine wheal. 19 A 
"positive" on SPT was defined as a grade of 2+ or more. Atopy 
was defined as positive ( > 2+) to at least 1 allergen. 

Previous data 

We reviewed our previous research regarding SPTs in the 
1980s and the 1990s. 

Data from the 1990s included 384 subjects with respiratory al- 
lergic diseases who were diagnosed at Severance Hospital from 
June 1992 to May 1994. 20 Data from the 1980s included 500 sub- 
jects with respiratory allergic diseases who were diagnosed at 
the same institute from January 1984 to May 1987. 21 We reviewed 
the results of SPTs and compared them with the current data. 

Statistical analysis 

All statistical analyses were performed using SPSS version 
18.0 (SPSS Inc., Chicago, IL, USA). Comparison between the 
groups for each variable was assessed using the ANOVA and 
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Table 1. Manufactured 53 allergens used in this study 



Allergens 


Manufacturer 


Maple (Acer negundo) 


Hollister 


Alder (Alnus incana) 


Bencard 


Beech (Fagus grandifolia) 


Bencard 


Oak (Quercus alba) 


Allergopharma 


Elm (Ulmus glabra huds) 


Bencard 


Walnut (Juglans nigra) 


Hollister 


Platanus (Platanus orientalis) 


Bencard 


Willow (Salix caprea) 


Allergopharma 


Mulberry (Morusalba) 


Hollister 


Elder (Sambucus nigra) 


Allergopharma 


White ash (Fraxinus excelsior L) 


Bencard 


Acasia (Acacia longifolia) 


Hollister 


Poplar (Populus alba) 


Allergopharma 


Pine (Pinus radiate) 


Allergopharma 


Mountain cedar (Juniperus ashei) 


Hollister 


Tree mixture #1 1 (white ash, American beech, river/red birch, Hollister 


black walnut, common cottonwood, American elm, shagbark 
hickory, hard maple, red oak, American sycamore, and black 
willow; Hollister) 




Meadow grass (Festuca pratensis Huds) 


Allergopharma 


Bermuda grass (Cynodon dactylon) 


Bencard 


Cocksfoot (Dactylis glomerata) 


Allergopharma 


Rye grass (Lolium perenne) 


Hollister 


Rye-cult (Secale cereale L) 


Bencard 


Timothy (Phleum pretense) 


Hollister 


Ragweed (Ambrosia elatior) 


Allergopharma 


Sagebrush (Artemisia vulgaris) 


Allergopharma 


Chrysanthemum (Chrysanthemum indicum L) 


Bencard 


Dandelion ( Taraxacum vulgare) 


Allergopharma 


Chenopodium (Chenopodium album) 


Hollister 


Golden rod (Solidago canadensis L) 


Bencard 


Plantain (Plantago lanceolata) 


Bencard 


Japanese hop (Humulus Japonicus) 


Allergopharma 


Weed mixture #6 


Bencard 


(fat hen, nettle, heather, orache, mugwort, plantain) 




Penicilliium (Penicillium notatum) 


Allergopharma 


Cladosporium (Cladosporium herbarum) 


Allergopharma 


Aspergillus niger 


Allergopharma 


Aspergillus fumigates 


Allergopharma 


Candida albicans 


Allergopharma 


Alternaria (Alternaria alternate) 


Allergopharma 


T. p. ( Tyrophagus putrescentiae schranK) 


Bencard 


D. p. (Dermatophagoides pteronyssinus) 


Bencard 


D. f. (Dermatophagoides farina) 


Bencard 


Cat dander (Felis domestica) 


Hollister 


Dog hair (Canis familaris) 


Allergopharma 


Horse hair (Equus przewalskii f caballus L.) 


Bencard 


Cow hair (Bos Taurus) 


Allergopharma 


Guinea pig hair (Cavia aperea f porcellus) 


Allergopharma 


Hamster hair (Cricetus cricetus) 


Bencard 


Mouse hair (Mus musculus) 


Allergopharma 


Rat hair (Partus norvegicus) 


Allergopharma 


Rabbit hair (Oryctolagus cuniculus) 


Allergopharma 


Hen (Gallus domesticus) 


Bencard 


German cockroach (Blatella germanica) 


Bencard 


American cockroach (Periplaneta Americana) 


Allergopharma 


Latex (Hevea brasi liens is) 


Allergopharma 
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the Chi-square test. The correlation between the groups for 
variables was assessed using Pearson's test. A P value of less 
than 0.05 was set as the level of statistical significance. 

RESULTS 

Age and sex distribution 

In the 2010s, a total of 1,135 subjects were enrolled, consisting 
of 492 (43.3%) males and 645 (56.7%) females. The mean age 
was 38.8 years. Three hundred and ninety nine patients were 30 
years old or under (35.2%). Four hundred and nine (36.0%) and 
327 (28.8%) patients were 31-50 and over 50 years old, respec- 
tively. There were no significant differences in the sex distribu- 
tion or mean age among the study groups. However, there were 
significantly more young patients (<30 years) in the 2010s 
compared with the 1980s (Table 2). 

Allergic diseases distribution 

In the 2010s, the most common allergic disease was allergic 
rhinitis (27.5%). Patients in the bronchial asthma with COPD 



Table 2. Age and sex distribution 







1980s 




1990s 2010s 


Number of patients 




500 




384 1 


,135 


Sex Male 
Female 


236(47.2%; 
264(52.8%: 


182(47.4%) 492(43.3%) 
202(52.6%) 645(56.7%) 


Age(mean±S.D) 




39.8 + 14.1 


39.2 + 14.1 39.9 + 16.4 


Age distribution* <30 
31-50 
>50 


147(29.4%: 
251 (50.2%: 
102(20.4%: 


121(31.5%) 399(35.2%) 
174(45.3%) 409(36.0%) 
89(23.2%) 327(28.8%) 


*P<0.05. 

S.D, Standard Deviation. 












Table 3. Allergic disease distribution 








Number % 


Male/ 
Female 


Age 
(mean + S.D) 


Atopy 
(%) 


Allergic rhinitis 


341 


27.52 


172/169 


36.43 ±15.74 


73.31 


Allergic conjunctivitis 


102 


8.23 


41/61 


34.57 ±12.87 


88.24 


Bronchial asthma 
and allergic rhinitis 


282 


22.76 


128/154 


40.29 ±15.33 


76.6 


Bronchial asthma and 
allergic conjunctivitis 


97 


7.83 


38/59 


32.47+12.18 


93.81 


Bronchial asthma 


211 


17.03 


64/147 


48.36 ±16.45 


55.45 


Bronchial asthma and 
chronic obstructive 
pulmonary disease 


36 


2.91 


24/12 


62.72 ±11.07 


41.67 


Chronic idiopathic 
urticiaria and allergic 
respiratory disease 


66 


5.33 


25/41 


36.27 ±14.56 


84.85 


Total 1 


,135 


100 . 


492/643 


39.93 ±16.35 


73.57 



S.D, Standard Deviation. 



(chronic obstructive pulmonary disease) group were older than 
subjects in the other groups. Atopy rates of bronchial asthma 
with allergic conjunctivitis, allergic conjunctivitis, and allergic 
rhinitis were 93.8%, 88.2%, and 73.3%, respectively. The SPT 
positive rate for allergic rhinitis or allergic conjunctivitis was 
higher than for asthma without allergic rhinitis or allergic con- 
junctivitis (Table 3). 



Table 4. The skin reactivity of allergens in the 201 Os 



Allerqen 


Skin reactivity 
(%) 


Allerqen 


Skin reactivity 
(%) 


Tree 


34.14 


Mold 


23.57 


Maple 


6.26 


Penicillium 


6.34 


Alder 


13.39 


Cladosporium 


7.12 


Birch 


13.57 


A. niger 


0.35 


Beech 


10.04 


A. fumigatus 


11.63 


Oak 


14.36 


Candida 


9.52 


Elm 


8.81 


Alternaria 


4.05 


Walnut 


6.96 


HDM 


52.03 


Platanus 


5.99 


Tp 


24.14 


Willow 


4.24 


D.p 


46.70 


Mulberry 


10.04 


D.f 


47.75 


Elder 


5.90 


Animal 


32.93 


White ash 


4.85 


Cat 


23.00 


Acacia 


7.84 


Dog 


20.70 


Poplar 


3.35 


Horse 


11.28 


Pine 


14.27 


Cow 


1.15 


Mt cedar 


5.46 


GPhair 


2.73 


Tree Mix 


14.19 


Hamster 


1.53 


Grass 


14.08 


Mouse 


3.08 


Meadow 


5.99 


Rat 


1.32 


Bermuda 


5.99 


Rabbit 


3.08 


Cocksfoot 


6.17 


Hen 


3.52 


Ryegrass 


6.34 


Insects & others 


15.58 


Rye-cult 


7.14 


G. Cockroach 


12.25 


Weed 


28.65 


A. Cockroach 


10.22 


Timothy 


6.43 


Latex 


1.06 


Ragweed 


15.18 


Gingko pollen 


8.81 


Sagebrush 


14.80 


P. Ant 


19.74 


Chrysanth 


13.92 






Dandelion 


6.34 






Chenopodium 


7.31 






Golden Rod 


11.01 






Plantain 


8.01 






H. Japonicus 


11.01 






Weed Mix 


17.36 







HDM, house dust mite; H. Japanese, Humulus japonicus, A. niger, Aspergillus 
niger, A. fumigates, Aspergillus fumigates, T p, Tyrophagus putrescentiae, D. p, 
Dermatophagoides pteronyssinus, D. f, Dermatophagoides farina; G. Cock- 
roach, German Cockroach; A. Cockroach, American Cockroach; R Ant, Pharaoh 
Ant. 



436 http://e-aair.org 



Allergy Asthma Immunol Res. 2014 September;6(5):434-443. httpy/dx.doi.org/10.4168/aair.2014.6.5.434 



AAIR 



Changes in Allergen Sensitization in Korea 



The skin reactivity of allergen groups in the 2010s 

The skin reactivity rates of tree, grass, and weed pollens were 
34.1%, 14.1%, and 28.7%, respectively. Among tree pollens, the 
skin reactivity rates of alder, birch, oak, and pine were 13.4%, 
13.6%, 14.4%, and 14.3%, respectively. Among weed pollens, 
the skin reactivity rates of ragweed, sagebrush, chrysanthe- 
mum, and Japanese hop were 15.2%, 14.8%, 13.9%, and 11.0%, 
respectively. The skin reactivity rates of molds, house dust 
mites, animal hair, and insects were 23.6%, 52.0%, 32.9%, and 
15.6%, respectively. For animal hair, the skin reactivity rates of 
cat and dog were 23.0% and 20.7%. For insects, the skin reactiv- 
ity rates of German cockroach, American cockroach, and pha- 
raoh ant were 12.3%, 10.2%, and 19.7%, respectively (Table 4). 
Skin reactivity to allergen groups varied across allergic diseases 
(Fig. 1). The grades of skin reactivity varied according to aller- 
gens. The number of high grade of skin reactivity of alder, birch, 
sagebrush, chrysanthemum, golden rod, D. p, D. f and cat dan- 
der were higher than those of other allergens. Especially, aller- 
gens which showed > 3+ reactivity in over half of SPT(+) cases 
were alder, birch, beech, oak, mountain cedar, meadow grass, 
cocksfoot, ryegrass, timothy, sagebrush, chrysanthemum, T. p, 



D. p, and D. f. On SPTs including acacia, pine, plantain, weak 
reactivity ( < 2+) was significantly larger than that with strong 
reactivity (>3+) although total skin reactivity rates were rela- 
tively high (Table 5). 

Changes in skin reactivity according to age groups over the last 
30 years 

Skin reactivity to all allergens in the 2010s was decreased by 
increments of age (P value <0.01) (Fig. 2). We compared the 
skin reactivity of allergens according to ages between the 1990s 
and the 2010s. Although the skin reactivity rate to house dust 
mites has no changes, that to tree pollen was significantly in- 
creased in the 2010s in all age groups. Skin reactivity rates to 
grass and weed pollens were significantly decreased only in 
young age groups in the 2010s (< 30 years old) (Fig. 3). 

Changes in skin reactivity over the last 30 years 

There was no significant change in atopy rate during the last 
30 years (71.9%, 74.0%, and 73.6% in the 1980s, the 1990s, and 
the 2010s, respectively) (Fig. 4). Skin reactivity to tree pollens 
was significantly increased to 36.4% in the 2010s from 19.0% in 



Allergic rhinitis 
Allergic conjunctivitis 
Bronchial asthma and allergic rhinitis 



Bronchial asthma and allergic conjunctivitis 
Bronchial asthma 

Bronchial asthma and chronic obstructive pulmonary disease 




Atopy Tree Grass Weed 

Fig. 1. Skin reactivity of allergen groups for each respiratory allergic disease in the 2010s. 



Mold 



HDM 



Animal 




Insect 



I 10-20 ■ 41-50 
I 21-30 ■ 51-60 
i 31-40 ■ >61 



II ..J .1 




Atopy 



Tree 



Grass 



Weed 



Mold 



HDM 



Animal 



Insect 



Fig. 2. Comparison of skin reactivity according to age groups in the 2010s. *Skin reactivity (%) to all allergens was decreased according to increase in age (P< 0.01). 
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Table 5. Number of patients according to the grade of skin reactivity of aller- 
gens in the 2010s 



Allerqen 








Grade of SPT 






- 


1+ 


2+ 


3+ 


4+ 


Tree 


Maple 


1,031 


33 


47 


20 


4 




Alder 


947 


36 


49 


44 


59 




Birch 


967 


13 


38 


41 


75 




Beech 


992 


29 


54 


41 


19 




Oak 


949 


23 


60 


64 


40 




Elm 


1,000 


35 


67 


31 


2 




Walnut 


1,039 


17 


44 


25 


10 




Platanus 


1,035 


32 


42 


19 


7 




Willow 


1,066 


21 


36 


11 


1 




Mulberry 


977 


44 


71 


35 


8 




Elder 


1,023 


45 


48 


17 


2 




White ash 


1,045 


35 


36 


13 


6 




Acacia 


982 


64 


57 


23 


9 




Poplar 


1,078 


19 


29 


9 


0 




Pine 


892 


81 


136 


24 


2 




Mt cedar 


1,057 


16 


26 


23 


13 




Tree mix 


931 


41 


57 


64 


40 


Grass 


Meadow 


1,048 


19 


23 


24 


21 




Bermuda 


1,052 


15 


45 


16 


7 




Cocksfoot 


1,040 


25 


29 


24 


17 




Ryegrass 


1,035 


28 


29 


28 


22 




Rye-cult 


1,004 


50 


49 


16 


16 




Timothy 


1,038 


24 


30 


22 


21 


Weed 


Ragweed 


882 


75 


100 


34 


44 




Sagebrush 


931 


36 


44 


47 


77 




Chrysanthemum 


958 


19 


34 


55 


69 




Dandelion 


1,039 


23 


40 


23 


9 




Chenopodium 


1,025 


27 


56 


19 


8 




Golden rod 


970 


40 


66 


46 


13 




Plantain 


980 


64 


64 


21 


6 




H. japonicus 


954 


56 


51 


26 


48 




Weed mix 


889 


49 


71 


55 


71 


Mold 


Penicillium 


1,019 


44 


55 


16 


1 




Cladosporium 


997 


56 


65 


16 


1 




A. niger 


1,128 


3 


2 


2 


0 




A. fumigatus 


946 


57 


118 


14 


0 




Candida 


979 


48 


80 


24 


4 




Alternaria 


1,070 


19 


25 


13 


8 


HDM 


T. putrescentiae 


737 


124 


212 


58 


4 




D. pteronyssinus 


531 


73 


87 


170 


273 




D. farinae 


520 


73 


94 


169 


279 


Animal 


Cat 


816 


58 


75 


88 


98 




Dog 


799 


101 


160 


63 


12 


Insect 


G. cockroach 


888 


108 


111 


24 


4 



*Reactivity to allergen was determined by the CAP test. 
Mt. cedar, Mountain cedar; H. japonicas, Humulus japonicas, A. niger, Aspergil- 
lus niger, A. fumigates, Aspergillus fumigates, T. pteronyssinus, Tyrophagus pu- 
trescentiae, D. pteronyssinus, Dermatophagoides pteronyssinus, D. farinae, Der- 
matophagoides farinae 



the 1990s and 8.8% in the 1980s. In the 2010s, skin reactivity to 
grass pollens (13.9%) was significantly decreased compared 
with those of the 1990s (20.3%) which is higher than those of 
the 1980s (10.4%). Also, skin reactivity to weed pollens (27.0%) 
was significantly decreased compared with those of the 1990s 
(40.9%) which is higher than those of the 1980s (25.6%) (Fig. 4). 
In the 2010s, skin reactivity to oak (14.4%), birch (13.6%), alder 
(13.4%) and pine (14.3%) were significantly increased com- 
pared with those of the 1990s (Oak 4.4%; Birch 7.1%; Alder 6.3%; 
Pine 2.9%). Among grass pollens, skin reactivity to Bermuda 
grass (5.5%) was significanuy increased in the 1990s as com- 
pared with the 1980s (1.3%). In the 2010s, skin reactivity to sage- 
brush (14.8%), Japanese hop (11%), ragweed (15.8%) and fat 
hen (7.3%) were significantly decreased as compared with 
those of 1990s (Sagebrush 22.7%; Japanese hop 18.5%; Rag- 
weed 22.1%; Fat hen 12%). Skin reactivity to chrysanthemum 
(13.9%) was significanuy increased in the 2010s as compared 



Positive rate |%) in 1990 



Positive rate (%) in 2010 




Fig. 3. Changes in skin reactivity to allergic diseases according to age and test 
period. *P<0.05 for comparison of skin reactivity (%) between the 1990s and 
the 2010s. 



1980s 



2010s 




Atopy Tree Grass Weed Mold HDM Animal Insect 



Fig. 4. Changes in the skin reactivity of allergen groups during the last 30 years. 
*P<0.05 for comparison of skin reactivity (%) between the 1980s and the 
1990s. # P<0.05 for comparison of skin reactivity (%) between the 1990s and 
the 2010s. 
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with the 1990s (6.8%). Among mold allergens, skin reactivity to 
Aspergillus fumigatus (16.4%) and Candida albicans (9.5%) 
were signiflcandy increased in the 2010s as compared with the 
1990s (Aspergillus fumigatus 4.9%; Candida albicans 4.4%). 
Skin reactivity to D. p (43.2%) was significantly increased in the 
1990s compared with the 1980s (33.4%). Skin reactivity to dog 
(20.7%) and cockroach (12.3%) were significantly decreased in 
the 2010s as compared with the 1990s (Dog 27.3%; cockroach 
25.3%) (Fig. 5). 



> 15 - 




Although data was not shown in graph, we analyzed the 
change of skin reactivity in bronchial asthma only group and 
bronchial asthma with allergic rhinitis group over last 30 years. 
The number of bronchial asthma patients and bronchial asth- 
ma with allergic rhinitis patients were 342 and 158 in the 1980s, 
237 and 147 in the 1990s, and 211 and 282 in the 2010s. Tree 
pollen sensitization rate has significantly increased in both dis- 
ease groups (bronchial asthma only: 1980s/1990s/2010s=6.4%/ 
12.7%/23.2%, P value <0.001; bronchial asthma with allergic 
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Fig. 5. Changes in the skin reactivity of each allergen during the last 30 years. 
(A) Tree pollen, (B) Grass pollen, (C) Weed pollen, (D) Molds, (E) House dust 
mites, animal hairs and cockroach. *201 Os vs 1 980s (P<0.01 ), *1 990s vs 1 980s 
(P<0.01), $ Higher value in the 1990s than the 2010s (P<0.01), & Higher value in 
the 201 Os than the 1 990s (P< 0.01 ). 

Meadow gr. Meadow grass; Hop J, Humulus japonicus; Asp fumig, Aspergillus 
fumigatus, D. p, Dermatophagoides pteronyssinus, D. f, Dermatophagoides fa- 
rinae. 
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rhinitis: 1980s/1990s/2010s = 13.9%/24.5%/40.1%, P value 
<0.001). Grass and weed pollens sensitization rates have no 
change in bronchial asthma only group (grass pollen: 1980s/ 
1990s/2010s=8.2%/10.6%/9.5%; weed pollen: 1980s/1990s/ 
2010s=20.2%/25.3%/18%). In bronchial asthma with allergic 
rhinitis group, both grass and weed pollens sensitization rate 
have significantly increased in the 1990s than those in the 1980s 
(grass pollen: 15.2%->24.5%, P value=0.006; weed pollen: 
37.3%- > 55.8%, P value < 0.001) and decreased in the 2010s than 
those in the 1990s (grass pollen: 16% in the 2010s< -24.5% in the 
1990s, P value 0.024; weed pollen: 28.7% in the 2010s < -55.8% in 
the 1990s, P value < 0.001). The sensitization of indoor allergens 
in bronchial asthma with allergic rhinitis group have significant- 
ly decreased in the 2010s than those of the 1990s (HDM: 55.7% 
in the 2010s< -66% in the 1990s, P value: 0.025; animal: 38.7% in 
the 2010s<-57.1% in the 1990s, lvalue <0.001; insect: 17.4% in 
the 2010s<-38.8% in the 1990s, P value <0.001). In bronchial 
asthma only group, the sensitization rates of HDM and insect 
have significantly decreased in the 2010s than those of in the 
1990s (HDM: 37.4% in the 2010s <-48.5% in the 1990s, P value: 
0.017; insect: 12.3% in the 2010s <-29.5% in the 1990s, P value 
< 0.001). The sensitization rate of molds was not change in both 
disease groups over last 30 years. 

DISCUSSION 

Sensitization to allergens is an important step in the develop- 
ment of allergic diseases, such as bronchial asthma, allergic rhi- 
nitis, and allergic conjunctivitis. Determining the culprit aller- 
gens involved in the development of clinical symptoms is im- 
portant to the diagnosis and management of allergic diseases. 
SPT is a fundamental tool which is widely used to determine 
sensitized allergens. 

The increase in allergic diseases and changes in allergen sen- 
sitization have been attributed to changes in lifestyle, culture, 
and environment. 7 ' 8 ' 12 The economic, social and lifestyle envi- 
ronments have rapidly improved in Korea during the last 30 
years. In addition, climate and pollen amounts have changed as 
well. 22 These changes have affected the prevalence of allergic 
diseases and sensitization to allergens in Korea. 9 We researched 
the change of allergen sensitization of allergic diseases in Sever- 
ance Hospital which is affiliated with Yonsei University College 
of Medicine. We reviewed and compared data on sensitized al- 
lergens which had been collected during the last 30 years. 

The allergic sensitization rates involved in different allergic dis- 
eases have been described in previous papers. In the 1980s, skin 
reactivity rates for allergic rhinitis, asthma, and combined cases 
were 74.7%, 69.0%, and 84.8%, respectively, in Korea. 21 According 
to SPT results in the 2010s, the skin reactivity rate was 73%-93% 
for allergic rhinitis or allergic conjunctivitis and 55% for bronchi- 
al asthma. In both periods, skin reactivity was higher in allergic 
rhinitis with or without asthma than in asthma only group. 



The age distribution for allergic diseases in the 2010s was sim- 
ilar to the reported distribution in the 1980s and 1990s. The 
positivity rate to SPTs in patients younger than 30 years old was 
higher than the rate in patients older than 30 years. This is in 
concordance with other studies which have shown that young- 
er patients were more sensitized than older patients. 12 Careful 
observation of the ratio of younger patients is needed to deter- 
mine whether it is increasing. 

The present study analyzed changes in skin reactivity to aller- 
gens during the last 30 years. Allergens can be divided to 2 
groups (outdoor allergens including pollens of tree, grass, and 
weed; indoor allergens including HDM, insect, and animal 
hair). Among outdoor allergens, changes of skin reactivity to 
pollens of tree, grass, and weed were different. Skin reactivity to 
tree pollen was significantly increased in the 2010s as com- 
pared with those in the 1980s and 1990s, especially for oak, 
birch, alder, and pine. The amount of pollen in the air is associ- 
ated with the sensitization rate. There is a positive correlation 
between the amount of pollen and the rate of sensitization. 23 25 
According to a Korean Forest Service report, the total amount 
of forest trees has dramatically increased during the last 30 
years. In particular, the total amount of forest trees has doubled 
during the last 10 years. 26 Sprouting and blooming dates affect 
the amount of tree pollen. The average sprouting and blooming 
date of cherry blossoms has been shortened with global warm- 
ing. According to the National Institute of Meteorological Re- 
search report, the average yearly temperature in Korea has in- 
creased from 11.8°C in the 1960s-1990s to 12.5°C in the 1980s- 
2010s. 27 The amount of tree pollen has significantly increased 
during the last 12 years in Korea as well. 26 We analyzed data from 
the National Institute of Meteorological Research and con- 
firmed that the amount of oak pollen has increased during the 
last 15 years (P value 0.042, Pearson's test coefficient r=0.513) 
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Fig. 6. Changes in pollen counts in the air in Korea from 1997 to 2012. The 
amount of oak pollen has significantly increased over the last 15 years [P= 
0.042). 
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(Fig. 6). The increase in pollen production of trees which has re- 
sulted from the increasing total amount of forest trees, global 
warming, and earlier sprouting/blooming date may have caused 
an increase in skin reactivity to tree pollens. 

Gingko pollen is outstanding allergen especially in Korea. 
Gingko has been planted along streets in preference to other 
tree species in Korea because of its endurance and cleanliness 
and resistance to disease and pests. The ratio of gingko trees 
among total street trees was 43% in 1998. According to a Korean 
Forest Service report in 2012, cherry blossom (22%) and gingko 
(18%) were the most widely planted street trees. In a previous 
study among respiratory allergic patients, skin reactivity to 
gingko was 4.7% in 2000. 17 In the present study, the skin reactiv- 
ity rate to gingko increased to 8.8% in the 2010s. Gingko should 
be considered to be one of inhalant allergenic pollen for Kore- 
an respiratory allergic patients. 

Even though many cases showed skin reactivity to pine pollen 
(>2+), a small number of patients (26/158) were strongly reac- 
tant (^3+). In addition, the CAP positivity rate for pine pollen 
was only 23.1% (3 out of 13). Pine pollen has long been consid- 
ered a low- allergenic pollen. However, pollenosis to pine pollen 
has been reported in Spain and New Zealand. 28 It is not yet 
known why skin reactivity to pine pollen has increased in Korea 
during the last 20 years from 2.9% to 14.3%. It is assumed that this 
is due to a change in the allergenicity of pine. Further study is 
needed to examine the increase in skin reactivity to pine pollen. 

Skin reactivity to grass and weed pollens was significantly de- 
creased in the 2010s compared with the 1990s. This may be af- 
fected by change in the inhabited environment and climate 
change. The amount of grass and weed pollen present is affect- 
ed by climate. We analyzed annual changes in rainfall from 
mid-August to mid-September which is flowering season of 
sagebrush, ragweed, and lapanese hop in Korea. Although the 
data is not shown, there was no significant change in the dates 
of rainfall during the last 30 years. In other studies, skin reactivi- 
ty to grass and weed pollens was significantly increased in re- 
cent years in Croatia and Sweden. 1216 Further study is needed 
to determine why skin reactivity to grass and weed pollens has 
decreased in Korea. The current SPT does not include impor- 
tant pollens in Korea, such as foxtail, silver grass, and reed, and 
it is therefore unable to reflect the actual sensitization to grass 
pollens in Korea. The allergens for SPTs need to be modified to 
reflect the actual sensitization patterns in Korea. 

Among the indoor allergens, house dust mites have been the 
most common inhaled allergens in Korea for the last 30 years. 
House dust mites are widely known as the most important in- 
halant allergens worldwide. In Korea, many studies have re- 
ported the importance of house dust mites in allergic dis- 
ease. 29 31 The present study confirmed the importance of house 
dust mites as the most common allergen in Korea. Another in- 
door allergen, the pharaoh ant {Monomorium pharaonis) has 
been described as one of the important inhalant allergens. Ac- 



cording to a previous paper in 2005, the skin reactivity rate to 
pharaoh ant was 18.2% in asthma patients. 18 In the present 
study, the rate of skin reactivity to pharaoh ant in the 2010s was 
19.7%, and was higher than reactivity to G. cockroach (12.3%). 
Therefore, pharaoh ant should be included in SPT for screening 
of culprit allergens in Korea. 

Skin reactivity to molds and animal hair has not changed, 
while skin reactivity to insects was significantly decreased in 
the 2010s. Skin reactivity to cockroach, which is the most im- 
portant insect allergen, is affected by exposure to cockroach al- 
lergens. 32 34 The improvement of hygiene and development of 
insecticides may have resulted in a decrease of exposure to 
cockroach allergens and sensitization to cockroach. On the oth- 
er hand, skin reactivity rate to some indoor allergens didn't de- 
crease in the 2010s despite of improvement of hygiene. So, sup- 
plementary methods to eradicate some indoor allergens such 
as house dust mite and pharaoh ant should be considered. 

These data do not include important factors which are crucial 
for sensitization to allergens, such as the region of inhabitance, 
cohabitation with pets and economic level. 1314 Furthermore, 
the study does not include some important allergic diseases 
such as atopic dermatitis and food allergy. In addition, this 
study has limitation in exact comparison because of its retro- 
spective design such as small sample size, prevalence of allergic 
disease, batches of inhalant allergens used in SPT, and partici- 
pant's criteria. But the summary of above results would be 
enough to suggest the tendency of changes in skin reactivity in 
Korean respiratory allergic patients over the last 30 years. We 
recommend that further prospective study and multi-center 
study are needed including non-respiratory allergic diseases 
and other important factors. 

We have described the major allergic diseases and predomi- 
nant allergens in Korea. Additionally, our study documented 
changes in allergic sensitization in Korea over the last 30 years. 
Skin reactivity to tree pollen, such as oak, birch, alder, and pine, 
was significantly increased in the 2010s compared with the 
1990s and the 1980s. On the contrary, skin reactivity to grass 
and weed was significantly decreased in the 2010s. Skin reactiv- 
ity will be increased because the amount of pollen will be in- 
creased according to increase of forest trees and average temper- 
ature. Continuous close observation of changes in environmental 
factors, such as the amount of pollen, global warming, and plant 
distribution, is needed. Furthermore, regular review and analysis 
of changes in allergen sensitization is needed for the proper diag- 
nosis, management and prevention of allergic disease. 
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